Abstract. Using ABAQUS software, the temperature field in the process of sliding friction of the dual steel plate of a new friction plate-conical friction plate was simulated and analyzed by the method of thermo-mechanical coupling. The distribution of heat flux density and the convective heat transfer on different surfaces of the dual steel were considered in the calculation. It is found that the highest temperature of the dual steel during sliding is inside the tapered groove. The temperature inside and outside of the tapered groove is distributed in a low-high-low state, that is, the temperature at the bottom of the tapered groove and the top of the groove is higher than the middle position The temperature gradient of the radial node gradually becomes larger with the passage of time; the temperature distribution of the entire dual steel plate shows a symmetrical trend.
Introduction
Clutch is an important transmission device in mechanical engineering. Its main function is to achieve smooth and efficient engagement and disengagement of the master and slave axes in a short time. Friction plate is the main component in the composition of the clutch driven plate. In the sliding state, the friction surface produces high temperature, which has a great impact on the clutch performance and strength. At present, many scholars at home and abroad have conducted a lot of research on the problem of heat production of friction pairs and achieved a series of research results. Such as: Luo Qingsheng, Han Baoling [1] applied thermal analysis theory and finite element method to study the temperature distribution of automotive friction plate; Yang Yang, He Qiang [2] through COMSOL thermal analysis of the torque clutch friction plate, simulation The temperature distribution of the friction plate is derived from the transient temperature field of the friction plate at different times during the joining process; Chen Guojin et al. [3] used the finite element technique to perform thermal-stress coupling analysis of the clutch friction plate; Zhang Jiayuan, Ding Puxian [4] et al. The ANSYS software uses a direct coupling method to simulate and analyze the temperature and stress fields of the friction plate during sliding and friction; Gao Xiaomin et al. [5] modeled and dynamically analyzed the engagement and disengagement process of the clutch and used it. "Permissible instantaneous temperature of frictional surface" is used as an index to measure the thermal load limit of friction plate; Zhu Maotao [6] analyzed the thermal structure of the friction plate during the start-up of the car, and the thermal deformation of the friction plate at the start of the car was obtained; Gao Xiang [7] et al. studied the temperature field and stress field distribution of clutch pressure plate. However, the friction plates they studied are all plane friction plates. At present, there is a new type of friction plate-cone friction plate in foreign countries. It has the advantages of large contact area, compact structure, and large torque transmission in the same space. In this paper, the thermo-mechanical coupling model of the dual steel sheet in the tapered friction plate is established to study the temperature distribution law of the dual steel plate. This provides a theoretical basis for the structural optimization of the new friction plate.
Simulation Process

Cone Friction Plate 3D Model
The taper angle of the cone-friction element pair steel sheet is 45 degrees, the number of cones is one, the cone depth is 3 mm, the inner diameter of the paired steel sheet is 65 mm, and the outer diameter is 85 mm. Friction plate three-dimensional model shown in Figure 1 : The friction plate material is a copper alloy and the dual steel plate material is 30CrMnSiA. The physical properties of the two materials are shown in 
Frictional Element Heat Flux Calculation
According to the literature [8] , the heat flux of the friction surface is calculated as follows:
In the formula: η is the conversion rate of the friction work into heat; µis the friction factor;pis the friction plate pressure; ωis the relative sliding angular velocity of the friction plate and the dual piece; r c is the distance from any point on the friction surface to the center.
When the temperature field simulation of the friction plate is performed, the heat flux density distribution coefficient (known from [9] ) needs to be calculated, and the heat flux density calculated according to the distribution ratio is loaded onto the friction surface. Let the heat flux input to the dual steel sheet and friction plate be
Heat distribution coefficient can be written as follows:
(2) where: ρis density; c is specific heat capacity;λ is thermal conductivity.
By the follow formula:
(3) Then we can obtain that:
The physical parameters of the cooling oil at 40°C when the friction plate is sliding are shown in Table 2 : Table 2 . Lubricant performance parameters.
Solution of Heat Transfer Coefficient
In order to solve the temperature distribution of the dual steel sheet, it is necessary to determine the thermal boundary conditions on the surfaces of the dual steel sheet. The typical thermal boundary conditions can be divided into three types: convection heat transfer, isothermal, and adiabatic boundaries.
Convection heat transfer boundary:The inner surface, outer surface and end surface of the dual steel sheet belong to the convection heat transfer boundary. In order to derive the convective heat transfer formula, the following simplified assumptions are made when deriving [10] : 1) Flow is two-dimensional 2) The fluid is an incompressible Newtonian fluid; 3) The fluid properties are constant and there is no internal heat source; 4) The dissipation of heat due to viscous dissipation is negligible. Combining the mass conservation and energy conservation equations studied in fluid mechanics, in order to solve the two-dimensional convection heat transfer problems of steady-state, incompressible, constant, and non-internal heat sources, the following differential equations need to be solved:
Mass conservation equation: 
Frictional Finite Element Meshing
The three-dimensional geometric model created in the Proe software was imported into Abaqus software for meshing. The mesh type was DC3D8. The divided mesh is shown in Figure 3 .
Analysis Results of Dual Steel Temperature Field
Tapered friction plates generate frictional heat on both sides of the tapered groove, and heat flow densities in the radial direction are applied on both sides of the tapered groove. The larger the radius, the greater the heat flux density applied. The analysis step time is set to 10s. The analysis step type is set to heat conduction. The cloud distribution of the dual steel temperature field obtained through simulation calculation is shown in Figure 4 From Figure 4 , it can be seen that after the clutch sliding for 10 seconds, the maximum temperature of the dual steel sheet is 83.63°C and the minimum temperature is 67.97°C. The higher temperature part is distributed in the tapered groove, mainly because the tapered groove is the frictional contact surface and is the source of heat generation. The heat of other parts of the cone friction plate is transmitted by heat conduction in the tapered groove, so the temperature of the entire dual steel sheet is roughly symmetrical, and the temperature in the radial part far away from the tapered groove increases. The lower. The temperature of the groove bottom and the top of the groove on both sides of the tapered groove is low, and the bottom temperature of the groove is low due to the structural reason of the tapered friction plate. The frictional contact area at the bottom of the groove is small and generates less heat. The low temperature at the top of the tank is due to convection heat transfer at the end face, and the lower the temperature near the end face is, the lower the temperature is. In order to further analyze the temperature distribution of the dual steel sheet, this paper takes several nodes in the radial direction outside the tapered groove and outside the tapered groove (as shown in Figure 5) , and makes the temperature of the several nodes over time. The change curve is as follows. Figure 6 shows the trend of temperature change at the highest temperature node of the dual steel sheet. It can be seen that the temperature increases gradually with time. Figure 7 is a graph of the temperature over time of the eight nodes taken from the tapered slot of the dual steel sheet. The radius of the eight nodes is gradually increased. From the figure, we can see that, with the passage of time, the speed of the rising of the dual steel sheet decreases, mainly because of the convection heat transfer effect of the lubricating oil; the temperature distribution in the tapered groove basically has a symmetrical trend; The temperature is located at a certain point on the inside of the tapered groove, but the temperature of the outer surface of the tapered groove with a slightly higher heat flux is lower. This may be because the thermal conductivity of the entire dual steel sheet is uniform, and the convection of its inner surface is convection. The coefficient of heat transfer is lower than that of the outer surface. Over time, the temperature of the inner surface of the tapered groove is higher than that of the outer surface. Figure 8 is a plot of temperature versus time for the 14 nodes taken from the radial and tapered slots of a dual steel plate. The radius of these 14 nodes increases sequentially. It can be seen from Figure 8 that the temperature of the entire dual steel sheet is basically symmetrical; the temperature in the radial node closer to the tapered groove is higher; as time goes by, the radial node temperature gradient gradually becomes larger.
Summary
This paper establishes the thermo-mechanical coupling model of the dual steel sheet by applying the heat flux with radius to the tapered groove of the dual steel sheet of the tapered friction plate. The finite element analysis method is used to analyze the temperature field of the dual steel sheet. The structural design provides a certain theoretical basis. From the temperature field simulation results, the following conclusions are obtained: 1) The temperature distribution of the entire dual steel sheet shows a symmetric trend; 2) The maximum temperature of the dual steel sheet of the tapered friction sheet occurs in the middle of the inner side of the tapered groove, and the maximum temperature is 83.63°C. Instead of applying a large heat flux density outside of the tapered groove;
3) The temperature distribution on both sides of the tapered groove shows a low-high-low trend, that is, the temperature of the bottom of the tapered groove and the top of the groove is lower than the middle position; 4) The closer to the radial node of the tapered groove, the higher the temperature; as time goes on, the temperature gradient of the radial node gradually becomes larger.
